We show the formation of optical surface waves at the very edge of semiconductor materials illuminated by modulated light beams that generate thermal waves rapidly fading in the bulk material. We find families of thresholdless surface waves which existing due to the combined action of thermally-induced refractive index modulations and instantaneous Kerr-type nonlinearity.
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A challenging open problem is the exploration of the opportunities afforded by dynamical refractive index modulations. Induction of such landscapes by thermal waves [11] sets a particularly fascinating example. Thermal waves are excited upon illumination of the material edge with time-modulated light beams. It has been shown experimentally that focused laser beams heats surface up to [12] . In combination with large, 100 C ∼ 1 positive thermo-optic coefficients of such materials as ( [13] ), heating results in significant refractive index changes. In this Letter we introduce transient optical surface waves supported by the refractive index landscapes induced by diffusive thermal waves. We discuss the salient features of thresholdless surface waves propagating in the transparency band of the material.
Such waves exist due to the jointed action of the thermally-induced refractive index profile and Kerr-type nonlinearity. Importantly, we show that the near-surface solitons might be steered by acting on the parameters of illumination that induces the thermal wave.
We consider semiconductor plate in the coordinate plane ( , , which is heated along its left edge by a homogeneous (along ξ ), harmonically-modulated light wave , where is the intensity and Ω = is the frequency. In the visible wavelength range light is strongly absorbed [14] thus generating heat. The right plate edge is assumed to be thermo-stabilized at the temperature , the ambient temperature is , while the upper and lower surfaces of plate are thermoisolated. The temperature distribution along -axis is governed by the equation:
with the boundary conditions , and . Here σ is the coefficient of thermal losses, and α is the absorption coefficient. The coordinate η is normalized to the transverse scale ; time t is expressed in units of t x , where is the thermo-diffusion coefficient; the temperature is normalized to , where is the density of the material, and is its thermal capacity. Under experimental conditions, one has , ,
, while x corresponds to t .
The absorbed radiation acts as a distributed heat source with a penetration depth . It creates a steady-state temperature profile , governed by the equation
with the boundary conditions ,
. In practically interesting case of strong absorption and small thermal losses ( , ) one gets T T , where is the surface tempera- One can control the penetration depth by varying the modulation period .
Note that a sample with a width might be considered semi-infinite, and the duration of the transition process scales as the square of the sample width. Al Ga As though its intensity is high enough to produce refractive index changes due to Kerr-type nonlinearity [4] . The light propagation is described by the nonlinear Schrödinger equation:
where is the longitudinal coordinate normalized to the diffraction length ;
is the wavenumber; the parameter p characterizes the depth of the refractive index profile induced by ; is the unperturbed refractive index; and q is the normalized complex amplitude. We searched for stationary solutions of Eq. (2) (parametrically depending on time) in the form , where w is a real function and b is the propagation constant.
The area is supposed to be occupied by a linear medium with , that leads to the total internal reflection at . Fig. 4(b) ]. We found also a variety of higher-order modes [ Fig. 4(c) ] which bifurcate from the linear surface waves [see Fig. 2(b) ] in low-energy limit, and, hence, all of them are thresholdless. Fundamental surface modes are linearly stable in the entire domain of their existence. A detailed linear stability analysis shows that higher-order modes can also be stable, except for a narrow region close to cutoff for existence on b [ Fig. 4(d) ].
We found that the width of the instability domain decreases with growth of and that above a critical propagation constant, higher-order surface waves do become stable. 
